The objective of the experiment was to determine the effects of fat supplementation on embryo quality of dairy cows and the subsequent success of embryo transfer into recipient heifers fed the same sources of fat. A total of 30 lactating Holstein cows were allotted on d 18 postpartum to 2 groups of 15 donor cows blocked for similar calving dates. Total mixed diets based on silage and fat supplements were fed for ad libitum intake. On a dry matter basis, diets fed to donor cows contained 7.9% whole flaxseed or 2.8% calcium salts of palm oil and those fed to recipient heifers contained 11.4% whole flaxseed or 4.2% calcium salts of palm oil. The experiment with donor cows was carried out between d 18 and 109 of lactation. The experimental diets were fed to 121 recipient heifers from wk 8 before estrus synchronization and superovulation to d 50 of gestation. Dietary fat fed to donor cows had no effect on the number of viable embryos per cow (3.7 ± 0.5), the number of degenerated embryos per cow (1.8 ± 0.4), or the number of unfertilized oocytes per cow (2.1 ± 0.8). But feeding flaxseed decreased fertilization rate (64.3 vs. 78.4%) and the percentage of grade 1 to 2 embryos (56.5 vs. 74.1%) and increased the embryo degeneration percentage (27.4 vs. 18.2%) compared with feeding calcium salts of palm oil. There was no effect of diets fed to donor cows and those fed to recipient heifers for pregnancy rate of heifers. Supplementation with a rich source of n-3 fatty acids decreased quality of embryos from donor lactating dairy cows compared with feeding calcium salts of palm oil, but had no effect on the subsequent pregnancy rate of heifers receiving frozen grade-1 embryos.
INTRODUCTION
A high proportion of embryonic losses in establishment of early pregnancy in cattle is coincident with the period of embryonic inhibition of uterine PGF 2α secretion between d 15 and 17, suggesting that some losses may be occurring because certain embryos are unable to inhibit secretion of PGF 2α . Therefore, strategies to further inhibit secretion of PGF 2α may result in increased embryonic survival and pregnancy rates. Feeding whole flaxseed, which is rich in polyunsaturated fatty acids (PUFA) of the n-3 family, decreased the secretion of PGF metabolite in cows and similar findings were reported for cattle fed fish meal (Mattos et al., 2002) , another source of n-3 fatty acids. Reduced levels of PGF 2α could contribute to improved fertility of cows fed n-3 fatty acids (Ambrose et al., 2006) through reduced luteolysis and vice versa.
Dietary fatty acids have an important effect on gestation rate after first breeding, with a 50% rate observed for cows fed a source of n-6 fatty acids compared with 87.5% for those fed a source of n-3 fatty acids (Petit et al., 2001) . Moreover, other results have shown that cows fed whole flaxseed have no embryo mortality compared with those fed either Megalac (Church and Dwight Co. Inc., Princeton, NJ) or micronized soybeans (Petit and Twagiramungu, 2006) . These results suggest that flaxseed-based diets affect the secretion of prostaglandins and the functional properties of isolated mononuclear cells response, which contribute to improve gestation. Greater proportions of PUFA in phospholipids of oocytes were linked to increased fertility in dairy cows (Zeron et al., 2001) , whereas feeding PUFA compared with monounsaturated fatty acids resulted in similar oocyte quality and subsequent in vitro embryo development (Bilby et al., 2006) .
There is little information on the effects of dietary fatty acids on the quality of embryos and the success of embryo transfer in dairy cows. It is unknown if fatty acids are more important for the animal supplying the embryo or for the one implanted with the embryo. The Contained 6.2% C14:0, 47.1% C16:0, 3.5% C18:0, 32.3% C18:1, and 7.8% C18:2 (% of total fatty acids).
hypothesis was that donor cows fed flaxseed, which is a source rich in C18:3, would produce embryos of better quality, thus improving the maintenance of gestation in recipient heifers fed the same fat sources after the transfer of frozen embryos. Therefore, the objectives were to determine the importance of the source of fatty acids fed to donor cows and recipient heifers on the success of embryo transfer. Quality of embryos was determined.
MATERIALS AND METHODS

Diets
The experiment was conducted at the University of Guelph Kemptville Campus (Kemptville, Ontario) from June 2001, to July 2002, using 30 multiparous lactating donor cows and 121 recipient Holstein heifers. There were 2 TMR ( Table 1 ) that consisted of fat supplements based on either whole flaxseed (FLAX) or calcium salts of palm fatty acids [Megalac (MEG), Church and Dwight Co. Inc.]. For the donor cows, the 2 treatments were designed at the beginning of the experiment to yield similar CP (18%), ether extract (6%), and NE L (1.76 Mcal/kg of DM) concentrations and were formulated to meet requirements for cows that were 650 kg of BW and producing 45 kg/d of milk with 3.7% fat (NRC, 2001) . For the recipient heifers, the 2 treatments were designed at the beginning of the experiment to yield similar concentrations of CP (15%), ether extract (6%), and NE G (1.1 Mcal/kg of DM) and were formulated to meet requirements for growing heifers that were 363 kg of BW and gained 0.7 kg/d (NRC, 2001 daily for ad libitum intake. Animals were cared for according to the guidelines of the Canadian Council on Animal Care (CCAC, 1993) .
Donor Cows
Thirty donor cows were blocked on the basis of similar age and calving date and cows within blocks were assigned randomly to 1 of the 2 treatments on d 18 after calving. Cows were housed in tie stalls and fed individually. The experimental rations were introduced on d 18 of lactation over a 3-d period. After 80 d of feeding the 2 treatments, a controlled internal drug release device (CIDR, 1.9 g of progesterone, InterAg, Hamilton, New Zealand) was inserted into the vagina followed 24 h later by an i.m. injection of 3 mg of estradiol 17β (1.5 mg/ mL, Denis Giroux Pharmacy, St. Hyacinthe, Quebec, Canada). Four days after the estradiol injection, cows were superovulated to increase the number of normal fertile eggs per donor. The protocol used decreasing doses of 65, 50, 40, and 30 mg twice daily (0700 and 1900 h) of FSH (20 mg/mL, Follitropin V, Bioniche, Belleville, Ontario, Canada) over a 4-d period with injection of PGF 2α (Estrumate, 500 g of closprostenol, Schering Canada, Pointe-Claire, Quebec, Canada) at the time of the seventh and eighth injections of FSH. The CIDR was removed at the last FSH injection and cows were inseminated 12, 24, and 36 h later with frozen-thawed Holstein bull semen (Eastern Breeders Inc., Kemptville, Ontario, Canada). Semen came from 2 bulls, ensuring that equal numbers of cows from each treatment group were bred to each bull. On d 6 after AI, embryos were recovered using a standard nonsurgical uterine flushing technique (Elsden et al., 1976) with sterile Dulbecco's PBS and 0.4% BSA (Fraction V, Sigma, St. Louis, MO). Some cows (n = 6 and 7 for FLAX and MEG, respectively) were submitted twice to the superovulation and flushing protocols because of the lower than expected recovery rate of embryos at first flush. Embryos were evaluated for fertilization, and embryo quality was graded (1 = excellent, 2 = good, 3 = fair, 4 = poor, and 5 = degenerate) as described previously (Ahmad et al., 1995) . Only embryos classified as grade 1 were selected for freezing and embryo transfer. Embryos were frozen as described by Mucci et al. (2006) . Briefly, embryos were placed in a holding medium (Vigro Holding Plus, AB Technology, Pullman, WA) for a 10-min equilibration period, loaded into 0.25-mL plastic straws, and directly placed into a −7°C methanol bath chamber. After 10 min, the straws were seeded, cooled from −7 to −35°C (0.6°C/min), and plunged into liquid nitrogen. Still, not all grade 1 embryos were transferred because only a total of 121 recipient heifers were available for the experiment. Contained 6.2% C14:0, 47.1% C16:0, 3.5% C18:0, 32.3% C18:1, and 7.8% C18:2 (% of total fatty acids).
Ovaries of the first 5 blocks of donor cows (n = 5 for both FLAX and MEG) were examined by real-time ultrasonography (Aloka SSD-500, Aloka Co. Ltd., Tokyo, Japan) with a 5-MHz linear-array transrectal transducer twice weekly (Monday p.m. and Friday a.m.) from the first day of the experiment (d 18 of lactation) until initiation of the estrus synchronization protocol (d 98 of lactation).
Recipient Heifers
A total of 121 normally cyclic Holstein heifers with a range of age from 14 to 26 mo were blocked on the basis of age, and heifers within blocks were assigned randomly to 1 of the 2 TMR (FLAX and MEG). Heifers averaged 360 kg of BW (SEM = 4.8) at 12 mo of age. Plasma progesterone concentrations were measured twice weekly for 2 wk at 10 and 12 mo of age; when progesterone was ≥1.0 ng/mL it was categorized as high and deemed indicative of luteal function. The heifers were pen-fed for ad libitum intake from wk 8 before estrus synchronization and up to d 50 of gestation. The diets (Table 2) were introduced gradually over a 3-d period and met the requirements of growing heifers (NRC, 2001) . Diets were fed for 56 d to heifers before inducing estrus synchronization (2 i.m. injections of 2 mL of Estrumate 12 d apart, 500 g of cloprostenol, Schering Canada). Detection of estrus was done 3 times daily from d 56 to 68. Seven days after being observed in estrus, an embryo selected at random from either a FLAX or MEG donor cow was transferred directly into the uterus of the recipient to have one-fourth of the heifers fed MEG receiving an embryo from a cow fed MEG, one-fourth of the heifers fed MEG receiving an embryo from a cow fed FLAX, one-fourth of the heifers fed FLAX receiving an embryo from a cow fed MEG, and one-fourth of the heifers fed FLAX receiving an embryo from a cow fed FLAX. Pregnancy diagnosis was performed on d 50 from estrus using real time ultrasound. Pregnancy rate was defined as the proportion of heifers that were detected in estrus and inseminated that were pregnant on d 50.
Statistical Analysis
All results were subjected to ANOVA using the GLM procedure of SAS (SAS Institute, 2000) . Data on the quality of embryos were analyzed as a randomized block design and treatment was the main source of variation in the model. The number and percentage of recipient heifers pregnant was tested using a chi-square test. Probability values >0.05 were considered nonsignificant.
RESULTS AND DISCUSSION
The results presented on quality of embryos are based on data from 13 cows per diet from the original number of cows assigned to the trial because no embryos were collected from 2 cows per diet. The number of total embryo and unfertilized ova averaged 7.9 and 7.3 for cows fed FLAX and MEG, respectively, and there was no difference (P > 0.05) between diets (Table 3) . Moreover, the source of fat fed to donor cows had no effect (P > 0.05) on the number of viable embryos per cow, the number of degenerated embryos per cow, or the number of unfertilized oocytes per cow. The numbers of viable embryos collected from cows fed MEG was within the range of 3.4 to 7.1 reported between 1980 and 2005 for 4 different embryo transfer programs in North America (Hasler, 2006) .
Feeding FLAX compared with MEG resulted in a lower (P < 0.05) fertilization rate (Table 3) . Nevertheless, fertilization rates of cows fed FLAX and MEG were within the range of 55.3 to 87.8%, respectively, reported during summer and winter for lactating cows (Sartori et al., 2002) . Feeding sources of supplemental fat enriched in C18:2 and C18:3 increased follicle and corpus luteum sizes in lactating dairy cows during the summer compared with feeding supplemental fat enriched in C18:1, but there was no difference in oocyte quality among fat sources as determined by the subsequent capacity to form a developing embryo after in vitro fertilization (Bilby et al., 2006) . In vitro bovine embryos have greater concentrations of fatty acids than in vivo embryos (Shamsuddin and Rodriguez-Martinez, 1994) , which might alleviate the effect of dietary fatty acids on oocyte quality and subsequent fertilization rate.
Embryo degeneration was significantly greater (P < 0.05) for cows supplemented with FLAX compared with those supplemented with MEG (Table 3) , which may result from a difference in embryo quality when feeding different sources of fatty acids. Moreover, the percentage of grade 1 to 2 embryos was significantly lower (P < 0.05) for cows fed FLAX compared with those fed MEG (Table  3) , although both percentages were greater than those of grade 1 to 3 embryos reported for lactating cows during summer (52.8%) and winter (33.3%; Sartori et al., 2002) . Flaxseed contains about 55% of total fatty acids as linolenic acid (Ambrose et al., 2006) , which could compromise embryo development and increase degeneration of embryos from cows fed flaxseed. Inhibition of embryo development was correlated with the number of double bonds in fatty acids (Nonogaki et al., 1994) , and FLAX contains greater concentrations of long-chain fatty acids than MEG ( Table 1) .
The mechanisms producing lower embryo quality in cows fed FLAX compared with those fed MEG could be manifold. Dominant follicle size was increased in cows fed diets enriched in PUFA compared with cows fed a diet enriched in monounsaturated fatty acids (Bilby et al., 2006) . Larger ovulating dominant follicles in heifers resulted in larger corpora lutea (Sartori et al., 2002) , and larger corpora lutea were detected in lactating dairy cows that received high amounts of n-3 fatty acids through the diet as formaldehyde-treated flaxseed or as a mixture of formaldehyde-treated flaxseed and fish oil (Petit and Twagiramungu, 2006) . In some cases, feeding calcium salts of fatty acids delayed or prevented follicle turnover and resulted in the dominant follicle becoming older and larger (Moallem et al., 1999) , which could contribute to decreased quality of embryos as reported in the present experiment for cows fed FLAX as a result of overmaturation of oocytes. The number of transferable embryos tended to increase as the dietary energy intake decreased (Nolan et al., 1998 ). Yet, similar DMI for cows fed whole flaxseed and those fed calcium salts of palm oil but lower digestibility on the flaxseed-based diet (Petit, 2002) may have resulted in lower intake of energy for cows fed FLAX, thus contributing to decrease the number of grade 1 to 2 embryos for cows fed FLAX compared with those fed MEG.
Progesterone concentrations were ≥1.0 ng/mL for 35 and 67% of the heifers at 10 and 12 mo of age, respectively, which indicated luteal function. There was no interaction (P > 0.05) between diets fed to donor cows and those fed to recipient heifers for pregnancy rate of heifers. Pregnancy rate of heifers fed FLAX and MEG were similar between treatments and averaged 34.4 and 43.3%, respectively (Table 4) . Embryos collected from cows fed FLAX and MEG resulted, respectively, in an average pregnancy rate of 40.7 and 36.4% in recipient heifers.
No beneficial effect of feeding flaxseed as a dietary ingredient on pregnancy rate was found in the present experiment, suggesting that factors other than synthesis of PGF 2α were involved after embryo transfer in recipient heifers. Fish meal supplementation increased pregnancy rate in dairy herds of low fertility, but not in those of high fertility , and the pregnancy rate of multiparous cows was lower than that of nulliparous heifers after embryo transfer (Hasler, 2006) , suggesting that the effects of feeding n-3 fatty acids on pregnancy rate were more beneficial in multiparous than primiparous cows such as those used in the present experiment.
The lack of any difference in pregnancy rate between cows fed MEG and those fed FLAX would suggest that dietary fatty acids fed at the same concentration of fat in the DM had no effect on the integrity of embryos following freezing, which might result from similar fat concentrations in embryos. Discrepancies between experiments could be due to both diets being supplemented with fat and because embryos were flushed from cows in the present study, whereas other experiments compared a fat-supplemented diet to a no-fat diet (Zeron et al., 2002) and used embryos obtained by in vitro fertilization (Hochi et al., 1999; Bilby et al., 2006; Pereira et al., 2007) .
In conclusion, the hypothesis that feeding a source of linolenic acid in the form of flaxseed to recipient heifers would improve the maintenance of gestation after embryo transfer because of better quality of frozen embryos was not supported by the present experiment. Feeding a rich source of n-3 fatty acids compared with calcium salts of palm fatty acids decreased the quality of embryos from donor lactating dairy cows, as shown by the lower fertilization rate and higher embryo degeneration, but there was no effect on the subsequent pregnancy rate of heifers receiving frozen grade 1 embryos. Feeding n-3 fatty acids did not seem to modify the uterine environment of recipient heifers as shown by the lack of any dietary effect on the percentage of pregnancy following the transfer of embryos. This suggests that the previously documented benefits of n-3 fatty acids on the fertility of dairy cows reflect actions at alternative biological windows.
